Increasing the representation of women in academia is a priority challenge in higher education policy. This study uses data from the Italian University habilitation competition in 2012 to test whether this national, standardized and quantitative assessment of researchers contributed to improving the situation. The proportion of female applications (on the whole about 36%) was in many fields higher than the reported proportion of female University professors (27%, 2010), but lower than the proportion of female researchers (2010) in Italy (45% and 51% for researchers with and without a permanent position, respectively). There was still a gap between the proportion of female applications at the associate (on average 39%) and full professor level (29%). A similar gap was also present between scientific disciplines and the humanities. Average success rates of female applications (41.2%) were on the whole lower than those of male applications (43.9%), but in most fields these differences were not significant. Overall, it is generally much lower proportion of female applications rather than their lower success rate that perpetuates the low proportion of female academics in Italy. More effort is needed to support female researchers in choosing and pursuing an academic career.
Introduction
The underrepresentation of women in academia is a shameful legacy of decades of bias and unequal opportunities [1] [2] [3] . Surveys from various countries show that the proportion of female undergraduate and graduate students has been the majority in many fields for many years now, but female senior researchers and professors are still often a small minority [4] [5] [6] . Various reasons have been suggested to be responsible for the persistence of a low representation of senior women in academia, e.g., the precarious employment conditions of most early-career researchers, recent University funding cuts, the lack of female role models in senior academic positions, as well as gender bias in (1) editorial boards of journals, (2) invited speakers at conferences, and (3) committees evaluating grant applications, hiring decisions and promotions [7] [8] [9] [10] [11] [12] .
Recruitment processes have an important influence on the representation of women in academia [13] , but they have been less studied than the proportion of female academics having already obtained a permanent position [14] . Nonetheless, a relative reluctance of women academics to apply for promotion is well documented in research across a number of European countries. Much research has been performed on the relationships between gender, organizational cultures and careers in higher education [15] [16] [17] [18] , but there is the need to further study this issue so as to document, assess and disseminate recent trends. The 2012, University habilitation competition in Italy provides an opportunity to test whether the proportion of female candidates is increasing compared to data reported in the literature. This habilitation is a national competition that, if passed successfully, gives the right to apply to University associate and full professor positions, when these become available at individual Italian Universities. Given that female researchers in Italy have been reported to have had in the past on average 66% (and no more than 80%) of the chances of male researchers to move from a researcher to a professor position [19] , the adoption of a national, standardized habilitation competition, based on bibliometric indicators, could be a step towards reducing gender bias in academic recruitment.
The competition was launched in 2012 for 184 research fields covered by the Italian Ministry for Universities and Research, thus providing an opportunity to compare the proportions of female applications (and their success rate) across various fields. The assessment of the candidates was based on their CV without an interview, and was centered on bibliometric indicators (at least in STEM (Science, Technology, Engineering and Mathematics) fields) of a restricted number of publications. In addition, the habilitation was carried out for associate and full professors, thus making it possible to compare patterns across two stages of the academic career.
Italy is a country of approximately 61 million inhabitants (2013), with about 70 Universities. In 2001, Italian Universities employed about 15,000 full professors and about 17,000 associate professors [19] . In the same year, the proportion of female professors was about 10% (23%) for STEM fields, and about 20% (36%) for SSH (Social Sciences and Humanities) fields (for full and associate professors, respectively) [19] . In 2010, the proportion of female University professors in Italy increased to 20% and 34% at the full and associate level, respectively [20] . The gap between STEM and SSH fields was also still present in 2010, with an average proportion of female full professors of 15% vs. 28%, respectively [20] . Although there has been some improvement over the last decades in the representation of women in academia, such trend can be subject to reversals, as happened, e.g., between 2002 and 2010 for Italian PhD graduates in computer science, where the proportion of women dropped from 39% to 22%, thus making it even more difficult to redress the general lack of women in informatics [20] .
Due to cultural and social reasons, female participation in the Italian labor force is one of the lowest in Europe [21] . However, there is a wide gap in labor participation between low-educated and highly-educated Italian women [22] . There are also important regional differences, with higher unemployment rates and lower female labor market participation in the South [23] . The Italian academic recruitment system has been blocked and reformed various times over the last decades, with a trend towards ever more precarious conditions for researchers, dwindling resources to replace retiring University professors, and increased migration of (early-career) researchers towards other countries [24] . Recruitment to Italian Universities has traditionally been centralized [25] , as confirmed by the national nature of the habilitation process studied here, although individual Universities can then recruit staff from the list of habilitated researchers in an autonomous way.
The aims of this study were to (1) compare the proportion of female vs. male applications across broad STEM and SSH fields (from mathematics, physics, chemistry and biology to medicine, architecture, law and economics) in the Italian University habilitation 2012 competition, and (2) to test whether there were differences in female vs. male success rates in the competition. An additional test was performed to study whether differences in female vs. male success rates were associated with differences in the number of female members of the evaluating commissions.
Materials and Methods

Data
Data on the number and gender of applicants for 184 sub-fields of the Italian 2012 habilitation competition were manually obtained in September 2013 from the web. Data on the success of each individual applicant were then retrieved on the same web site in April 2014 (with exception of 3 sub-fields without results at that time). Following the categorization of the Italian ministry for Universities and Research, the remaining 181 sub-fields were grouped into 14 broad fields ((1) mathematics and informatics; (2) physics; (3) chemistry; (4) geology; (5) biology; (6) medicine; (7) agriculture; (8) architecture; (9) engineering; (10) archeology and literature; (11) history and philosophy; (12) law; (13) economics; (14) politics and sociology). The proportion of female applications, the success rate of female applications, and the difference in the success rate between female and male applications were calculated for all fields and sub-fields, both for associate and full professors.
Applicants could be researchers and/or University lecturers, with or without tenure. It is possible that applicants to the habilitation to full professor were already associate professors, but they did not need to be so. The competition was not for professorial positions, but for the habilitation to become so, as success in the procedure gave then the right to apply for professorial positions (over the following 4 years, then extended to 6 years). Applications were possible between July and November 2012.
The evaluating commissions were composed of five senior academic members, of which as a rule one was based in an OSCE (Organization for Security and Cooperation in Europe) country other than Italy. There were no quotas or rules regarding the gender balance of the evaluating commissions.
Statistical Analysis
Statistical analyses were run in R. The comparison within the 14 main fields (at the full and associate professor levels) of (1) the average number of candidates, (2) the proportion of female vs. male applications, and (3) female and male success rates were performed using a paired t-test (R function = "t-test"). The analysis for the 14 main fields (at the full and associate professor levels) of whether the (1) success rates of female applications and (2) difference between female and male success rates were associated with variations in the number of female members of the evaluating commissions was performed using a linear regression (R function = "lm").
Results and Discussion
Results
Overall, there were 59,150 applications, of which 18,082 (31%) at the full and 41,068 (69%) at the associate professor level. At the full professor level, about 64% of the applications were in STEM fields, whereas this proportion was about 60% at the associate professor level. The number of applications ranged in the various field categories between 400 (geology) and 3298 (medicine) for full professors, and between 831 (geology) and 6689 (medicine) for associate professors ( Figure 1a ). For all 14 main fields, the number of applications at the associate professor level was significantly higher than at the full professor level (paired t-test, p < 0.001 in all cases, Figure 1a ).
The total number of female applications was 21,552 (36%), of which 5,224 (24%) at the full and 16,328 (76%) at the associate professor level. The proportion of female applications was lower for full (29%) compared to associate (39%) professors. At the level of full professors, the proportion of female applications ranged between 17% (physics; engineering) and 46% (archeology and literature) (Figures 1b and 2a) , with an average of 25% for STEM and 36% for SSH fields. At the level of associate professors, this proportion ranged between 21%-23% (engineering; physics) and 57% (biology) (Figures  1b and 2b) , with an average of 37% for STEM and of 43% for the SSH fields.
The proportion of female applications was significantly higher (p < 0.01) at the associate compared to the full professor level in all main fields, with exception of (1) mathematics and informatics, (2) geology, and (3) politics and sociology, where there were no significant differences (Figure 1b) . There was an increase in the proportion of female applications between the full and the associate professor level for 163 (89%) of the subfields. Female applications were the majority in 11 subfields (6%) at the full professor level, and in 44 subfields (24%) at the associate professor level.
Overall, the success rate of applications was on average 42.9%, with a range at the full professor level between 34% (history and philosophy) and 58% (agriculture), and at the associate professor level between 35% (politics and sociology) and 61% (physics). The success rate of female applications was on the whole 41.2%, i.e., 2.7% lower than for male applicants. However, this difference was not statistically significant when pooling data from all subfields and at both full and associate professor levels (n = 362, p = 0.41). The success rate of female applications ranged between 30% (geology) and 57% (chemistry) at the full professor level (Figure 3a) , and between 35% (politics and sociology) and 64% (physics) at the associate professor level (Figure 3b) . Overall, whilst there was no significant difference in the average success rate of female (44.1%) vs. male (43.8%) applications across subfields at the full professor level (n = 181, p = 0.80), the success rate of female applications (43.3%) was significantly lower than for male applications (44.9%) at the associate professor level (n = 181, p = 0.03).
In STEM subfields (n = 108), the success rate of female applications was on average lower than for male applications (44.8% vs. 47.0% at the full professor level, but without significant differences (p = 0.25), and 44.6% vs. 47.5% at the associate professor level, p < 0.001). The reverse was the case in SSH subfields (n = 73), where the success rate of female applications was on average higher than for male applications (43.1% vs. 39.2% at the full professor level (p = 0.052), and 41.5% vs. 41.0% at the associate professor level, but without significant differences (p = 0.64)). However, there were marked variations in female and male success rates across subfields, both for STEM and SSH disciplines.
In the 14 broad fields, the average success rate of female applications was generally not significantly different from the success rate of male applications, because of the high variation between sub-fields, both at the full (Figure 3a ) and associate professor level (Figure 3b ). There were some exceptions: at the full professor level, female success rates were significantly higher (see Figure 3a legend for p values) than male success rates in (1) history and philosophy and (2) law (Figure 3a ). At the associate professor level, female success rates were significantly higher (see Figure 3b legend for p values) than male success rates again in law, whereas male success rates were significantly higher (see Figure 3b legend for p values) than female success rates in (1) medicine, (2) engineering, and (3) archeology and literature (Figure 3b ). There were 88 subfields (49%) at the full professor level and 103 subfields (57%) at the associate professor level with lower success rates for female compared to male applications.
The average number of female members (out of five) of the evaluating commissions varied between 0 (physics) and 1.8 (archeology and literature). This pattern was the same at the full and associate professor level as the commissions were identical at the two levels for each single subfield. There were only 12 evaluating commissions (7%) with a majority of female members. There were 74 (40%) evaluating commission without female members. However, given the high variability in female success rates among subfields, there was generally no significant correlation of the number of female members in the evaluating commissions with (1) the success rates of female applications and (2) the differences in success rates of female vs. male applications.
There were some exceptions: the success rate of female applications was significantly positively associated with the number of female members of the evaluating commissions in law at both the full (n = 16 subfields, R 2 = 0.41, p = 0.004) and associate (n = 16 subfields, R 2 = 0.24, p = 0.03) professor level. Moreover, the difference in success rates of female vs. male applications was significantly positively associated with the number of female members in the evaluating commissions at the full professor level in (1) biology (n = 12 subfields, R 2 = 0.36, p = 0.02) and (2) law (n = 16 subfields, R 2 = 0.61, p < 0.001), and for associate professors in agriculture (n = 14 subfields, R 2 = 0.28, p = 0.03).
Discussion
The lack of female senior academics has been documented in recent years in many countries [20, [26] [27] [28] [29] [30] . For example, at the Laboratory of Molecular Biology in Cambridge, UK, the gender ratio of graduate students was about 1.2 male to 1 female in 2006, yet the male-female ratio of group leaders was over 9 to 1 in the same year [31] . In India, only 15% of science faculty positions were held by women (data reported in 2008) [32] . In France, only about 31% of the permanent researcher positions at CNRS (the French National Centre for Scientific Research) were held by women in 2004, with negligible improvement since 1946, when the proportion of CNRS women researchers was 30% (see [33] ). In the USA, where women obtained 42% of doctorates in biology in 1996, the proportion of women was less than 25% for tenured biology faculty and only 34% for tenure-track biology faculty in 2006 [34] . Also more recent data show the extent and persistence of the problem. In Austria (as of 2011), 58% of students, 55% of graduates, and 42% of doctorates, but only 19% of lecturers and associate professors and only 17% of full professors were women [35] . Women currently (data reported in 2015) comprise only 20% of full-time faculty in academic medicine in the US [36] . At MIT, the current proportion (data reported in 2015) of women faculty in science and engineering departments is the same as the proportion of women in the applicant pools; nevertheless, only 19% of the science faculty and 17% of the engineering faculty are women [37] . Some improvements have been documented, for example in academic pharmacy in the US, where, in 2013, women made up 25% of professors, 46% of associate professors, and 60% of assistant professors, with an increase in all sub-disciplines over the previous 10 years [38] . Nonetheless, under-representation persists regarding membership of learned societies. For example, in the UK (data of 2013), only 3% of the 15,000 members of the Institute of Marine Engineering, Science and Technology were female [39] . Similarly, in April 2014, only 7.2% of the 41,000 members of the Japanese Surgical Society were female [40] . A review of data on female representation at various academic career stages from European countries is provided by the She Figures Report [20] .
In order to solve this problem, it is necessary to monitor the progress of women researchers in academia so as to find out whether selection bias is still occurring [20, 41] . At the same time, it is important to quantify the relative importance of various factors contributing to the low proportion of women in academia, so as to better target efforts to fix this challenge [42] . The Italian national University habilitation competition provides an opportunity to study the relative importance of female application rates vs. success rates at two academic stages (associate and full professor level) for a large number of candidates across the whole spectrum of academic fields.
This study documents an increase in the proportion of female applications at the 2012 Italian national habilitation competition (~36%) compared to the proportion of female University professors reported for 2010 (~27%) (see [20] ). As a term of comparison, the proportion of female University professors in the UK was about 20% in 2010-2011 [43] . However, the reported proportion of female applications to the Italian University habilitation is still much lower than the proportion of female researchers in Italy, i.e., the pool of potential candidates, which in 2010 was about 45% and 51% for researchers with and without a permanent position, respectively [20] . This confirms that the Italian academia is still not a level playing field for women. We need to avoid gender bias in habilitation applications, otherwise even fewer women will apply for senior academic positions.
There is also evidence for a persisting gap between the proportion of female applications at the associate and full professor levels. This gap is on average about 10%, but varies among fields from 2% to 17%. A small gap between the proportion of female applications at the associate and full professor level is not actually a good indicator, because it implies that female representation is not improving in the new generation of academics. For example, the smallest gaps are found for mathematics and informatics (2%), and for engineering (4%), where the proportions of female applications are very low at both academic levels. However, a large gap is also problematic because it means that the proportion of female applications at the full professor level is still much lower than at the associate professor level, so that more time is still needed for female academics to become better represented at senior academic levels [44] .
The reported proportions of female applications for the 14 broad categories are averages that can mask some variation at the level of sub-fields [45] [46] [47] . For example, whereas the average proportion of female applications at the full professor level in biology was about 38%, in ecology (a sub-field of biology) this proportion was only 20%. Similarly, whilst the average proportion of female applications at the associate professor level in medicine was about 36%, in clinical microbiology (a sub-field of medicine) this proportion was 68%, whereas in general surgery the proportion was only 12%. As a term of comparison, in the USA women surgeons were 16% of faculty at academic medical centers in 2008 [48] . The same point can be made for female (and male) success rates. For example, at the full professor level, whilst the average female success rate was 51% in engineering, in nuclear engineering female success rates were 67%, but in material science only 20%. Likewise, at the associate professor level, the average female success rate was about 63% in physics, with a range between 33% in applied physics and 90% in theoretical physics of interactions.
The study found evidence for a generally lower success rate of female vs. male applications. However, the magnitude of this effect (about −3%) is much smaller than the differences (overall about −28%) in the proportion of female (about 36%) vs. male (about 64%) applications, so that it can be concluded that the current relative lack of female Italian researchers habilitated to apply to University positions is mainly due to a lower number of female applications, rather than a lower success rate of female applications. Therefore, efforts to increase the (Italian) proportion of women in academia are likely to be more effective if focusing on the reasons behind the low proportion of female applications, rather than trying to avoid gender bias in the assessment of female applications, given that these are already generally just as successful as male ones, as also reported from France for economists [49] .
With a few exceptions, there was generally no significant correlation between the number of female members of the judging commissions and female success rates (or differences between female and male success rates), both at the full and associate professor level, possibly due to the use of quantitative indicators in the assessment of candidates. Interviews might have instead resulted in biased decisions, given the high proportion (40%) of commissions without female members and previous reports of gender bias in such situations [50] [51] [52] . The few observed cases where a higher proportion of male members of the evaluating commissions was associated with (1) lower female success rates, or (2) higher male success rates compared to female success rates, call for mandatory gender balance in higher education assessment commissions. This result is in disagreement with a working paper, which reported a negative effect of the presence of female committee members (not absolute numbers (as in the present study), but relative to the number of female committee members expected from the pool of candidates to that committee) on female success rates, using data from the same habilitation [53] . Given the strong variation in success rates among fields, it is important to base these analyses on comparable data from individual fields [54] .
Conclusions
The progressive loss of female researchers from academia is a waste of resources and talent, which needs redressing [55] [56] [57] [58] [59] [60] . It is a good sign that Italian female applications to the 2012 University habilitation are now the majority at the associate professor level for about one quarter of the sub-fields, including popular subjects such as molecular biology, human anatomy and biochemistry. This result does not rule out that gender bias might still operate in these fields [61] , so that it is important to carry on removing barriers to women careers also in academic fields where female researchers are now the majority of applications to the University habilitation [62] [63] [64] [65] . Further research could investigate gender bias in (1) how long researchers stay in the same academic position without career development, and (2) application success rates of researchers participating to the national habilitation competition with or without a tenure track or a permanent position. Even more effort is needed to encourage and support women in choosing and pursuing academic careers in fields such as engineering, informatics and physics, given the still low proportion of female applications at PhD, associate and full professor levels in those disciplines [20, [66] [67] [68] . Measures that have been suggested include:
• formal and informal mentoring programs [69] [70] [71] ; • networking and funding opportunities for women during and after career breaks [72] [73] [74] ;
• gender equality awareness workshops and campaigns for University leaders [75] [76] [77] ;
• linking funding to gender equality policies of research institutions [78] [79] [80] ;
• gender-blind faculty search by individual Universities [48, 81] ; • faculty appointments based on creativity and originality, rather than publication numbers [31] ; • onsite childcare facilities at Universities and conferences [56, 82, 83] ;
• improving the work-life balance of academic careers [37, [83] [84] [85] ; and • gender quotas for (1) editorial boards of journals, (2) committees evaluating grant applications, hiring decisions and promotions, (3) academic senior management positions, and (4) invited speakers at conferences [86] [87] [88] [89] [90] .
These measures are all likely to contribute to increasing the presence of women in academia, particularly if they boost the likelihood that female researchers apply for academic positions in the first place [91] . Nonetheless, in order to increase the representation of women in Italian academia, there is first of all the need to substantially increase resources for Universities, so as to make it possible for them to scale up recruitment of young University professors [92, 93] . Gender is one of the priorities of the European Research Area [20, 94] , but the Italian 2012 habilitation competition confirms that we are still far away from a balanced proportion of female and male academics in most research fields.
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